INTRODUCTION
A remarkable increase in the industrial production of synthetic fibres has taken place in the past few years. Because of this, new fibre-forming polymers, the numbers ofwhich are growing fast, arouse more and more interest. Preparation of stereoregular polymers, achievements in modifi.cation of polymeric materials, new methods of synthesis of high molecular weight compounds as weil as improved methods of moulding, drawing and orientation of fibres-all these enable us to obtain fibres from almest all classes of known polymers. This results in a pronounced increase in varieties of synthetic fibres.
I t is impossible to elucidate in this review all the developments in the vast fi.eld of fibre-forming polymers. We will deal only with the preparation of new types of fibre-forming polymers. Special attention will be paid to the synthesis of highly thermostable and chemically resistant fibre-forming polymers and to the establishment of a relationship between their structure and some of their properties. It should be noted that the Wallenherger reviewl deals with papers published from 1959 to 1964 on films and certain fibres from polyterephthalamide, polyoxadiazole and cyclic polyacrylonitrile that have high melting points and preserve their properties at high temperatures. Therefore in this review we will consider new investigations in the field offibre-forming polymers published mostly during [1963] [1964] [1965] .
POLYMERS OF UNSATURATED HYDROGARBONS
Several stereoregular polymers of a-olefins with melting points higher than that of polyethylene (138°C) have been obtained. They are polypropylene ( 176°C), poly-(3-methyl butylene-1) (300°C) and poly-( 4-methyl-1-pentene) (240°C)2. Up to the present only polyethylene and polypropylene have found practical applications as textile materials. Polypropylene is of most interest because of its high melting point and good mechanical properties; the orientated polypropylene fibres are similar in strength to nylon. Investigations are being conducted on the application of poly-(3-methylbutylene-1), poly-(3,3-dimethyl-1-butylene) and poly-( 4-methyl-1-pentene) as textile cord fibres3.
Fibres have been obtained from crystalline polystyrene and poly-( 4-fl.uorostyrene), but the polystyrene fibres are brittle 2 . New copolymers of ethylene and propylene (polyallomers)4, copolymers of ethylene and I-butylene 5 and those of ethylene with cyclopentene and cyclohexene6 seem tobe of interest as fibres.
Fibre-forming, highly crystalline polymers of vinyl cyclopropane ( decomposition point > 260°C), vinyl cyclobutane (softening point 228°C), vinyl 
POLYMERS OF HYDROXYL COMPOUNDS
Textile fibres have been prepared from poly(vinyl alcohol) (Kuralon, Vinylon and Vinol). Owing to its simple chemical structure and the presence of many reactive hydroxyl groups it can easily be modified; treatment with aldehydes or acetalyl sulphides yields new fibres having improved properties (Vinylon-B, Vinylon-AN and Vinylon-S)9. The acetylation of poly(vinyl alcohol) with maleic dialdehyde yielded highly hygroscopic fibres with minimum shrinkage 1 0. When poly(vinyl alcohol) reacts with phosphorous oxychloride in methylene chloride, phosphoric esters are produced. The fibres prepared from them are non-inflammable and have the properties of cation exchangersll.
Polyhydroxymethylene (-CHOH-)n, prepared by the saponification of poly(vinylene carbonate) possesses fibre-and film-forming properties. For this purposehigh molecular weight poly(vinylene carbonate) is obtained by radical polymerization; it has an inherent viscosity of 3·86 and is suitable for forming fibres and films from solution. The subsequent hydrolysis of the latter by 1 per cent sodium methylate solution in methanol gives polyhydroxymethylene fibres and films which retain the initial macrostructure, are crystalline and are insoluble in water. Their further modifi.cation, achieved by treatment with acetic anhydride, yields polyacetoxymethylene (-CH(OCOCH3)n fibres and films with softening point over 200°C12.
POLYMERS OF ALDEHYDES, KETONESAND OXIDES
Natta and co-workers13 obtained fibre-forming copolymers of dimethylketene with aldehydes and ketones in the presence of alkyl derivatives and alcoholates of alkali metals at temperatures ranging from -12° to -78°C. When the units of both monomers alternate regularly, a polymer chain is formed which has the polyester structure: 
POL V ANHYDRIDES
In cantrast to the aliphatic polyanhydrides the aromatic ones are readily crystallized, have a high melting point (200-300°C), are resistant to alkalis and easily form fibres and films possessing excellent mechanical properties. Polyanhydrides are usually obtained by transforming aromatic dibasic acids into a mixture of anhydrides with acetic acid according to the reaction:
This mixture of dianhydrides is crystalline but has a low melting point and readily polymerizes when heated, eliminating acetic anhydride and forming polyanhydrides:
Developing these investigations Ioda16 obtained a series of fibre-forming polyanhydrides containing -0 -and -CH 2 - units with the aim of increasing the flexibility of the polymer chain. Thus, linear polyanhydride has been prepared from 2,2-bis-(4-hydroxyphenyl)-propane-0,0'-diacetic acid:
It has a melting point of 196-202°C, an intrinsic viscosity ofb] = 0·21 and has good fibre-and film-forming properties. There are other fibre-forming polymers that contain in the main chain the heterocyclic rings of furan, thiophene, pyrrole (R) and have the general formula:
Their melting point ranges from 70° to 190°C and the most thermostable of them are those containing pyrrole rings17. Incorporation of sulphide sulphur into polyanhydrides causes a decrease in their melting point. Thus, the polyanhydride:
has a melting point of 45-55°C. In contrast to this, incorporation of -CO-NH-groups into the polymer chain greatly increases the melting point of polyanhydride; for example
has a melting point18 of 325-330°C.
POLYESTERS
Poly( ethylene terephthalate) (Terylene, Lavsan) and poly-(1,4-cyclohexylidenedimethylene terephthalate) (Kodel) have received the most extensive practical application among the many varieties of fibre-forming polyesters. A great many investigations on the synthesis of new polyesters are aimed at improving certain properties of the present polyester fibrestheir thermal stability, chemical resistance and dyeability. Among new polyesters the polyester is of interest. It is prepared by the polycondensation of methyl hydroxyethoxy-benzoic ester:
and differs from poly(ethylene terephthalate) by its greater alkali resistance 1 9. New polyesters have been described which are prepared on the basis of the derivatives of 1,2-cyclo-propanedicarboxylic acid20, 2,5-furandicarboxylic acid, as weil as copolyesters characterized by higher elasticity and good dyeability21. Thermostahle fibre-forrning polyesters are prepared from xylene glycols and oxalic acid; their rnel6ng point is 237-243°C 2 2. New polycarbonates arouse more interest now because a polycarbonate fibre (Lexane) exhibiting elasticity and many other valuable properties has been obtained23. Interesting polycarbonates have been prepared from polycyclic bisphenols with norbornane groups, of the type:
Polycarbonates oftbis type have high glass transition point (up to 300°C) and form fibres having a modulus of elasticity of 26-34·103 kgjcm2. Of particular interest is the polycarbonate obtained from bisphenol where R = R' =Cl; it has a molecular weight up to 100,000 and a glass transition point of290°C. Fibres made ofthis particular polycarbonate are non-inflammable, highly thermally stable (ftow point 312°C) and have higher breaking strength than other polycarbonates of this type or Terylene24.
Polyesters of aromatic dicarboxylic acids and diphenols are of great interest as fibre-forn1ing polymers. They have high softening point (300-500°C) high chemical resistance and good mechanical and dielectric properties25. Polyesters obtained from phenolphthalein and dicarboxylic acids are soluble, and those from cyclohexane solutions form fibres having a softening point of 225°C and a strength loss at 3l8°C26.
POLYAMIDES
Polyamides are the most extensively investigated fibre-forming polymers because fibres made from them have valuable properties. Apart from such widely known fibres as nylon-6 and nylon-6·6, fibres from 2 to 12 in the nylon series can now be obtained 27 . New polyamides are continually being prepared for the purpose of improving the properties of the existing polyamide fibre~. Incorporation ofbenzene rings into the main polyamide chain Ieads to a considerable increase in their melting and decomposition points (up to 200-500°C), as compared with those of aliphatic polyamides ( 160-250°C).
Depending on the packing of the benzene rings in the main chain, noticeable differences in the softening point of polyamides is observed. Thus, polyamides obtained by the polycondensation of hexamethylenediamine and decamethylenediamine with had softening points 300-315°C, whereas those obtained with Aromatic polyamides are highly resistant to thermal oxidation. Polyamides obtained by interfacial polycondensation ofphthalic acids ( especially the terephthalic acid) and several aromatic diamines bad high melting points (300-360°C) and exhibited good stability when heated in air at 300°C for 72 hours. The polyamides of terephthalic acid with benzidine, I ,5-diaminonaphthalene and 4,4'-diaminodiphenylsulphone are the most stable. Their weight loss is as low as 4-6 per cent30, It is interesting to note that aromatic polyamides are more thermostable than poly(p-xylene) which, in these conditions, lost up to 40 per cent of its weight. On the basis of aromatic polyamides, a fibre has been prepared (Noumex, NT-1) stable at 250-300°C and having a good combination of strength, elongation and modulus31.
Fibre-forming linear polyamides have been obtained from heterocyclic dicarboxylic acids containing the nuclei of furan, thiophene, pyrazole and pyridine with hexamethylenediamine32. Polyamides synthesized from perfluorated dicarboxylic acids and diamines have melting points from 192° to 285°C. Incorporation offluorine atoms into the polyamides has been shown to lmver the molecular weight and melting point 33 . Incorporation of sulphide sulphur into the main polyamide chain increases its flexibility and decreases the softerring point of the polymers. Polyamides from thiodivaleric and thiodoenanthic acids and hexamethylenediamine readily formed elastic fibres from melt 34. In contrast to this, the incorporation ofS0 2 into the polyamide chain increases the interchain attraction and, therefore, increases the thermostability of the fibres manufactured from such polyamides35.
Many fibre-forming non-inflammable phosphorus-containing polyamides have been synthesized36, 37. Of much interest is the polyamide obtained from aromatic phosphorus-containing dicarboxylic acid (I) and phosphoruscontaining diamine (II) according to the scheme:
It is stable up to 370°C and can be formed into fibres38.
SYNTHESIS OF NEW FIBRE-FORMING POLYMERS

HETEROCYCLIC POLYMERS
For the last two years many papers have been published on the synthesis of highly thermally stable and chemically resistant polymers containing aromatic and heterocyclic units in the main chain. Many of them can be formed into films and fibres. Early studies on the preparation of thermally stable polymers based on polyphenylene resulted in the formation of insoluble and infusible polymers having a high decomposition point ( 400-500°C) but which were unsuitable for rnoulding and orientationl. It was the elaboration of new methods of synthesis of thermally stable polymers which has made possible the production of thermally stable and mechanically and chemically resistant films and fibres.
The new methods are characterized by formation of a linear prepolymer ofhigh molecular weight in the firststage ofpolycyclization. This prepolymer is capable of forming fibres and filrns. After undergoing cyclization at high temperatures the polymer (as weil as its end products) acquires high thermal stability characteristic of polymers in the aromatic series. As an example of this method fibres and films made from all-aromatic polyamides were converted by thermal cyclodehydration into linear insoluble and infusible fibres and films of poly-(1,3,4-oxadiazoles) having high rnolecular weight and which were stable at 400°C39. The results of thermogravimetric investigations of polybenzimidazoles show that their aliphatic derivatives completely decompose at about 470°C while the aromatic ones begin to decompose at 500-600°C and, at 900°C, the decomposition reaches 30 per cent. The high thermostability and chemical resistance of these aromatic polybenzimidazoles is due to the aromatic nature of the polymers which have an all-aromatic chain with a continuous conjugation system.
Marvel and co-workers 4 0 developed a general method of obtaining polybenzimidazoles by condensing 3,3' -diaminobenzidine with diphenyl esters of dicarboxylic acids according to the reaction:
Polymers were obtained as yellow-to-orange-brown powders. They are characterized by high resistance to hydrolytic agents, aresoluble in formic acid and concentrated sulphuric acid and form stable solutions.
M.KOTON
I wakura and co-workers45 proposed a new method of abtairring polybenzimidazoles. Since the aromatic tetramines are very sensitive to oxidation and should be synthesized under inert gas, the authors prepared more stable salts of 3,3'-diaminobenzidine and conducted polycondensation in polyphosphoric acid solution which served simultaneously as a solvent and as a condensation agent:
The values ofreduced viscosity were 1·68 and 2·59. The polymersaresoluble in dimethyl sulphoxide, N,N-dimethylacetamide and dimethylformamide in the presence of Iithium chloride.
Apart from homogeneaus polybenzimidazoles, mixed copolymers have been obtained44. Poly-2,2'-( 1,3-phenylene)-5,5'-dibenzimidazole shows the most interesting properties among the many aromatic polybenzimidazoles. It decomposes very little in nitrogen at 600°C and, in air, begins to decompose at 300°C. From this polymer various types of polymers (Imidites) are obtained industrially for fibres, films, coatings and adhesives48.
Among the various aliphatic derivatives of polybenzimidazoles, poly-2,2'-octamethylene-5,5'-dibenzimidazole has been investigated in most detail. It has an amorphaus structure, is soluble in formic acid and forms thermally stable tough films and fibres from solution47.
In order to obtain new film-and fibre-forming polymers, organametallic derivatives of polybenzimidazoles have been synthesized which in the main chain contain siloxane49, ferrocene42 and phosphorus-containing50 units as weil as benzimidazole rings. All these polymers have high thermal stability (up to S00-600°C) but relatively low molecular weight. Hence, films can be prepared from only a few of them. Polybenzimidazolines were obtained for the firsttime by reacting 3,3'-diaminobenzidine with aromatic dicarbonyl compounds:
The polymers had high thermal stability (300-500°C) but low molecular weight5 1 . Highly thermally stable ( 400-600°C) polybenzboronimidazoles have been synthesized having the general formula:
They are soluble in sulphuric acid and dimethyl sulphoxide and have intrinsic viscosity [1J] = 0·22-0·35. Some of them form films from solution52, 53. Thermally stable and non-inflammable polyphosphorinlidazolines have been prepared54. New polycyclic polymers-polyquinoxalines55_have been synthesized by the reaction between aromatic tetramines and tetracarbonyl compounds. The polycondensation of3,3'-diaminobenzidine and 1,4-diglioxalyl benzene in dioxane or hexamethyl-phosphoramide solution yields at first a prepolymer. On heating this prepolymer at 375°C for two hours in vacuum it is transformed into the final insoluble and non-inflan1mable product.
2'-(-1,4-phenylene)-6,6'-diquinoxaline] has exceptionally high thermal stability in air at 470-500°C andin nitrogen at 800°C. It is soluble in sulphuric acid and hexamethyl phosphoramide and its inherent viscosity is 0·7. So far there is no information on the possibilities ofpractical application ofpolyquinoxalines, but suchinformationwill probably become available in the near future. New film-and fibre-forming aromatic polybenzoxazoles56, 57 have been prepared. The first stage in the condensation of 3,3' -dioxybenzidine with dichloroanhydrides of aromatic acids in dimethylacetamide solution yields polyoxamides which, on further heating, are transformed into polybenzoxazoles: Poly-2,2' -( 1,3-phenylene)-6,6 ' -dibenzoxazole is soluble in dimethyl sulphoxide, dimethyl formamide and sulphuric acid and its inherent viscosity ranges from 1·04 to 1·18. I t forms films and fibres from solutions, has high thermal stability and begins to decompose in air at over 500°C. Its weight lass is 2·45 per cent in vacuum at 500°C and 2·7 per cent in nitrogen at 900°C.
Polybenzothiazoles also show promise for giving materials ofhigh thermal stability58, The polycondensation of 3,3'-dimercaptobenzidine dichloride with chloroanhydride of isophthalic acid in N2N-diethylaniline or polyphosphoric acid at first yields a soluble prepolymer which can be moulded and, on further heating, can be converted into an infusible product: Polypyromellitimides and related polymers occupy a special place among the heterocyclic polymers. Polypyromellitimides have unusual properties: they combine chemical and radiation resistance and high thermal stability with good strength and dielectric properties. This combination of properties is due to the peculiar structure of their polymer chains which contain many aromatic and heterocyclic rings6 1 . Polyimides have higher thermal stability than all previously known industrial organic polymers and they undergo little change at low temperatures62. Aromatic polyimides are prepared by reacting pyromellitic dianhydride with primary aromatic diamines in N,N, dimethylformamide solution. At first, soluble polypyromellitamic acid (IV) is formed; it has high molecular weight and is suitable for forming films, fibres or coatings63. Then, on heating or in the presence of dehydrating agents, cyclic dehydration of polyamide acid (IV) occurs and insoluble infusible polyimide (V) is formed:
In the reaction of polyimide formation many aromatic diamines can be used and, depending upon their chemical structure, a series of thermally stable polypyromellitimides is obtained. Thermogravimetrie investigations have shown that most aromatic polypyromillitimides are stable at 325°C for 200-400 hours 64 . Especially stable are the polyimides prepared from pyromellitic dianhydrides and the following diamines: 1,3-phenylenediamine benzidine, 4,4' -diaminodiphenyl ether and 4,4' -diaminodiphenyl sulphide. Their weight loss after heating at 325°C for 400 hours is 6-8 per cent.64 M.KOTON lnvestigations are now in progress on the synthesis of new polyimides employing other dianhydrides of tetracarboxylic acids.
Polyimides can be prepared from benzophenon-tetracarboxylic acid dianhydride and 1,3-phenylenediamine. Their decomposition point is 350°C; they are stable for 1000 hours at 315°C and can be used for films, coatings and adhesives65. Other polyimides have been synthesized from tricyclo- Various diols have been used-hydroquinone, resorcinol, 2,7-naphthalenediol, 4,4' -bisphenol, bisphenol A, 4,4' -dihydroxydiphenyl ether and also 1,6-hexandiol. The polymers obtained are soluble in dimethylformamide, tetrahydrofuran and dimethyl sulphoxide. Depending on the nature of the diol the melting points of the polymers vary from 127° to >300°C. The polymers are highly thermostable and, at 600°C, their weight loss is 10 per cent. They are elastic at high temperatures, and fibres drawn from the melt are capable of orientation and further drawing68.
CHELATES
Some of the numerous metal chelate polymersform films and fibres having high thermal stability and chemical resistance. The interaction of methylenebis(4-phenylisothiocyanate) with N,N-diaminopiperidine yields fibre-forming polythiosemicarbazide which have high molecular weight, and are capable ofbinding copper ions and forming metal chelate fibres. The method of wet forming of solution in dimethyl sulphoxide into the copper chlorate solution in dimethyl sulphoxide gives insoluble fibres of bronze colour (with 6·1 per cent copper) or black (with 13 per cent copper)69. The fi.bre-forming all-aromatic polyhydrazides are able to form chelate compounds with a great number of ions of various metals. Treatment of fibres with chromium, cobalt or silver salts in dimethyl sulphoxide yields strong metal chelate fibres stable up to 350°C70.
